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,QWURGXFWLRQ
1DWXUDO JDV LV DQ LPSRUWDQW HQYLURQPHQW IULHQGO\ HQHUJ\ IRUGHFUHDVLQJSROOXWLRQ DQGPDLQWDLQLQJ DFOHDQ DQG
KHDOWK\HQYLURQPHQW,WVDSSOLFDWLRQVFDQVHUYHWRUHGXFHKDUPIXOSROOXWLRQOHYHOVIURPRWKHUIRVVLOIXHOV$VWRWKH
WUDQVSRUWDWLRQ RI QDWXUDO JDV WKHUH DUH RQO\ WZR FRPPHUFLDOO\ SURYHQ FRQFHSWV²SLSHOLQHV DQG /1* +RZHYHU
WKHUH DUHPDQ\ ODUJH QDWXUDO JDV UHVHUYHV WKDW QRW ORFDWHG QHDU WKH QDWXUDOJDVGHPDQGPDUNHWV ,W LV FRQVLGHUHG
³VWUDQGHG´ZKLFKLVGHILQHGDVJDVUHVHUYRLUIUDFWLRQVWKDWSUHYHQWWKHLUGHYHORSPHQWRURSWLPDOSURGXFWLRQIURPDQ
RLO RU JDV ILHOG1HLWKHU SLSHOLQH QRU/1* WUDQVSRUWDWLRQ WHFKQLTXHV FDQ HFRQRPLFDOO\ H[SORLW WKHVH VWUDQGHG JDV











)LJ  SURSRVHG LQ D SURSRVDO RI WKLV UHVHDUFK WKH LQLWLDO GHIHFW FRQWLQXHV WR SURSDJDWH WLOO LW SHQHWUDWHV WKHZDOO
WKLFNQHVVZKLFKUHVXOWVLQDOHDN$FFRUGLQJWR3DULVFUDFNJURZWKODZGXULQJWKLVLQLWLDOSKDVHRIVXEFULWLFDOFUDFN
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,Q WKLV H[SHULPHQW WKHPD[LPXPSUHVVXUH RI DUJRQ UHDFKHV LQ WKH SUHVVXUH YHVVHO LV EDU7KH WHPSHUDWXUH









'XULQJ WKH WHPSHUDWXUH VWDEOH VWDJH EHWZHHQ±V WKH WHPSHUDWXUHRI WKHPHWDO LQFUHDVHVVOLJKWO\DV WKH







3.1. Evaluation of the properties of leaking argon through a crack under the internal pressure of 250 bar 
7DEOH VKRZVFUDFNJHRPHWU\SDUDPHWHUV DQG LQLWLDO VWDWHSDUDPHWHUVRI DUJRQJDV LQVLGH WKHSUHVVXUHYHVVHO
%HFNHWDO>@VWDWHGWKDWFRPSDULVRQZLWKH[SHULPHQWDOUHVXOWVLQGLFDWHVWKDWLQWKHDEVHQFHRISURSHUPHDVXUHPHQW
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GHSWKGLUHFWLRQLVXVHGDV WKHERXQGDU\FRQGLWLRQRQ WKHFUDFNVXUIDFH LQ WKH VWUXFWXUDOPHFKDQLFVPRGXOH LQ WKH
VLPXODWLRQEHORZ
7KH WHPSHUDWXUH RI OHDNLQJ DUJRQ WKURXJK D FUDFN LV LOOXVWUDWHG LQ)LJ  ,W LV QRWLFHG WKDW WKH WHPSHUDWXUH RI
OHDNLQJ DUJRQ IDOOV UDSLGO\ DORQJ WKH FUDFN WKURXJKZDOO SRVLWLRQ IURP LQVLGH WR RXWVLGH WKH SUHVVXUH YHVVHO 7KH









3.2. of the temperature and stress of the test plate under the pressure of 250 bar 
7KH VLPXODWLRQ LQFOXGHV WZR DSSOLFDWLRQPRGHV D KHDW WUDQVIHU DSSOLFDWLRQ PRGH DQG D VWUXFWXUDO PHFKDQLFV
DSSOLFDWLRQPRGH7KH7KHUPDO6WUXFWXUH,QWHUDFWLRQSUHGHILQHGPXOWLSK\VLFVFRXSOLQJIURPWKH0RGHO1DYLJDWRULQ





'XH WR WKH VWUXFWXUDO V\PPHWU\ RQO\ D 'TXDUWHUPRGHO UDGLXV P RI WKH WHVW SODWH LV VLPXODWHG$
WKUHHGLPHQVLRQDO TXDUWHU PRGHO LV VKRZQ LQ )LJ  7KH GHWDLOHG SK\VLFDO PHFKDQLVP DERXW WKH VLPXODWLRQ LV
LOOXVWUDWHGLQ)LJ
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3.2.3 Calibration of mesh sensitivity 
&DOLEUDWLRQRIPHVKVHQVLWLYLW\LVVKRZQLQ)LJ7KHHOHPHQWHPSOR\HGLVD'WHWUDKHGUDOPHVKHOHPHQW,Q
KHDW WUDQVIHU PRGXOH WKH W\SH RI HOHPHQW LV OLQHDU /DJUDQJH HOHPHQW ZLWK LQWHJUDWLRQ RUGHU  ,Q VWUXFWXUDO
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3.3. Simulation results and discussion 
7KH WHPSHUDWXUH GLVWULEXWLRQ LQ WKH WHVW SODWH LV VKRZQ LQ )LJ  ,W LV QRWLFHG WKDW WKH KLJKHVW DQG ORZHVW











<DQJ HW DO>@ KDV FDUULHG RXW WKH VWXGLHV DERXW WKH LPSDFW RI WKH WHPSHUDWXUH RQ WKH IUDFWXUH WRXJKQHVV RI;
SLSHOLQHVWHHOV7KHLQIOXHQFHRIH[SHULPHQWDOWHPSHUDWXUHWR q&DQGVSHFLPHQWKLFNQHVV±PPRQ
IUDFWXUHWRXJKQHVVLVVKRZQLQ)LJ7KHFUDFNOHQJWKKDVDOVRVRPHLQIOXHQFHRQWKHYDOXHRIIUDFWXUHWRXJKQHVV
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IUDFWXUH$FFRUGLQJWR<DQJHWDO¶VLQYHVWLJDWLRQLWFDQEHFRQMHFWXUHGWKDWWKHORZHVWWHPSHUDWXUHRI q&LQ







LQWHQVLW\ IDFWRU ., EHFRPHV HTXDO WR WKH IUDFWXUH WRXJKQHVV RI WKH PDWHULDO .,& WKHQ IDVW XVXDOO\ FDWDVWURSKLF
IUDFWXUHRFFXUV>@
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ZKHUHWLVWKHVWUDLQHQHUJ\GHQVLW\
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
DQG7LVWKHWUDFWLRQYHFWRUGHILQHGDV
> " @x x xy y xy x y yT n n n nV V V V        
VijGHQRWHVWKHVWUHVVFRPSRQHQWVHijWKHVWUDLQFRPSRQHQWVDQGQiWKHQRUPDOYHFWRUFRPSRQHQWV





  IK JE  
ZKHUHELV<RXQJ¶VPRGXOXV
4.2. Stress intensity factor evaluation procedure in COMSOL Multiphysics 
7KHDQDO\VLVFDOFXODWHVWKH-LQWHJUDOIRUGLIIHUHQWFRQWRXUVWUDYHUVLQJGLIIHUHQWUHJLRQVDURXQGWKHFUDFNWLSEDVHG
RQWKHSUHYLRXVUHVXOWVRI WKHUPDOVWUHVVVLPXODWLRQ7RFDOFXODWH WKH-LQWHJUDO WKHERXQGDU\LQWHJUDWLRQYDULDEOHV
DUH GHILQHG IRU WKH FRQWRXU7KLV FUHDWHV WZR YDULDEOHV IRU WKH FRQWRXU 7KH ILUVW YDULDEOH FRQWDLQV WKH LQWHJUDWHG
VWUDLQHQHUJ\GHQVLW\ZKLOHWKHVHFRQGFRQWDLQVWKHWUDFWLRQYHFWRUWLPHVWKHVSDWLDO[GHULYDWLYHRIWKHGHIRUPDWLRQ
FRPSRQHQWV 7KH VXP RI WKHVH WZR YDULDEOHV WKHQ SURYLGHV WKH -LQWHJUDO YDOXH DV D VFDODU H[SUHVVLRQ YDULDEOH
)LQDOO\WKHVWUHVVLQWHQVLW\IDFWRUFDQEHFRPSXWHGIURPWKH-LQWHJUDOYDOXHE\XVLQJDVFDODUH[SUHVVLRQYDULDEOH
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4.3. Results and discussion 
9RQ0LVHV VWUHVV GLVWULEXWLRQ DORQJ WKH WKURXJKWKLFNQHVV GLUHFWLRQ LQ WKH FUDFN WLS LV VKRZQ LQ )LJ  ,W LV
QRWLFHGWKDWWKHKLJKHVWVWUHVVRI*3DLQWKHFUDFNWLSORFDWHVDWWKHSRVLWLRQRIPDORQJWKHWKURXJKZDOO




























































WKH ILQDO XQVWDEOH FUDFN SURSDJDWLRQ GXH WR WKH UHOHDVH RI HQHUJ\ 7KLV LV WKH FRUH RI WKH OHDNEHIRUHEUHDN

















6WUHVV LQWHQVLW\IDFWRUFDOFXODWLRQVKRZVWKDW WKHKLJKHVWVWUHVV LQWHQVLW\IDFWRUDORQJ WKHFUDFN WLS LVDERXW
03DÂPZKLFK LVPXFK KLJKHU WKDQ WKH IUDFWXUH WRXJKQHVV RI WKH VWHHO DW VDPH ORZ WHPSHUDWXUH+RZHYHU WKH
SUHVVXUHYHVVHOIDLOVWRXQGHUJRWKHFDWDVWURSKLFIDLOXUH,WLVEHFDXVHWKDWWKH-7FRROLQJLVDORFDOL]HGFRROLQJHIIHFW
LQWKHYLFLQLW\RIWKHFUDFNRQWKHWHVWSODWH7KHVLJQLILFDQWEHQHILWRIWKHKHDY\ZDOORIWKHVROLGVWHHOLVWKDWLWDFWV
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